The task has been an important factor in the study of work groups. Most small group researchers would agree that one cannot fully understand group process or performance without taking into account the nature of the tasks being performed (e.g., Gladstein, 1984; Goodman, 1986; Hackman & Morris, 1975) . Numerous scholars have advanced our understanding of groups by proposing theoretical frameworks that classify tasks on the basis of critical features. For example, Hackman and his colleagues (Hackman, 1968; Hackman, Jones, & McGrath, 1967 ) delineated three types of intellective tasks: production (i.e., idea generation), discussion, THEORETICAL BACKGROUND McGrath (1984) integrated many of the concepts proposed by Hackman (1968) , Laughlin (1980) , Shaw (1981) , Steiner (1972) , and their colleagues in his typology of tasks. McGrath proposes that most group tasks can be classified into categories that reflect the following four basic processes: "generate," "choose," "negotiate," and "execute." Creativity tasks, such as brainstorming, and planning tasks, such as agenda setting, require idea generation. Intellective or problem-solving tasks require choosing correct answers, and judgment or decision-making tasks require reaching consensus on a preferred answer. Resolving conflicting viewpoints (cognitive conflict tasks) or conflicting interests (mixed-motive tasks) require negotiation. Execute tasks are those requiring physical movement, coordination, or dexterity, such as psychomotor tasks and athletic contests (see Figure 1) . The categories and the task types they contain are related to one another within a two-dimensional space that has the attributes of a circumplex. The horizontal axis reflects the degree to which the task entails cognitive versus behavioral performance requirements. Choice and execute tasks represent extremes on the conceptual/ behavioral dimension, respectively. (Because the original study on which these data are based was concerned with conceptual tasks, tasks in the "execute" quadrant are not addressed.) The vertical axis reflects the degree to which the task is cooperative or conflictual. More recently, Argote and McGrath (1993) discussed this dimension in terms of a three-level specification of interdependence, namely, collaboration, coordination, and conflict resolution. The degree of cooperation or conflict inherent in a task, as distinguished from conflict among individual members of a group that is not taskrelated, is due largely to the degree to which diverse perspectives, values, or interests lead to differences in preferences for alternative outcomes.
"Generate" tasks, especially brainstorming tasks, are collaborative or cooperative in the sense that the group is not required to decide on a single best response or to evaluate the quality of members' contributions. Each member can independently contribute ideas, and each original idea increases group productivity. Little or no coordination and no consensus are required of the members; thus, there are minimal requirements for member interdependence.
Tasks in the "choose" quadrant require coordination in the more typical sense. Here, interdependence means that the value of the contributions that each member makes to the group product depends, in part, on contributions of other members. There are two main task types in this region: intellective tasks and judgment tasks. Intellective tasks are those with demonstrably correct answers. Although consensus is required, reaching agreement on a solution is fairly straightforward, because once the answer is recognized by one or more group members, there often is little to debate (although such problems may differ in the degree to which correct answers can be readily demonstrated, and, therefore, group processes used to reach consensus will vary somewhat [e.g., Laughlin, Kerr, Munch, & Haggarty, 1976] ). Furthermore, although group members can work in coordination to solve the problem and can benefit from sharing information, in principle any one of them can find the solution individually, and if anyone does solve the problem, then the group has solved it. Therefore, the need to coordinate members' activities and regulate discussions may be limited.
Judgment tasks, which are located closer to the conflictresolution end of the dimension, do not have a correct answer; the group must seek consensus on a preferred alternative. Furthermore, because the group is seeking a preferred, rather than correct, answer, attaining consensus requires communication not just of "facts" but also of values, beliefs, and attitudes about the merits of alternative solutions. Therefore, in contrast to intellective tasks, outcomes in judgment tasks are subject to multiple and conflicting viewpoints that cannot be readily resolved through the presentation of factual information. Hence, the effort to establish a group choice on such tasks may require considerable coordination among members' actions.
"Negotiate" tasks also involve issues that are subject to parties' values and attitudes versus facts. In addition, negotiate tasks involve inherent conflict in viewpoints or interests. Therefore, reaching consensus or resolution is highly dependent on the coordination of group members' actions. However, as groups in Straus and McGrath (1994) did not engage in a negotiation task, this boundary of the circumplex is not tested.
HYPOTHESES
The features of these task types suggest that there will be differences in the processes that groups use when performing such tasks. Indeed, the nature of the group's task is a particularly powerful input factor that affects the group interaction process (Hackman & Morris, 1975; Kelly & McGrath, 1985) . Thus, an examination of the group process is an appropriate way to test the validity of the dimensions of task typologies.
This study focuses on three types of communication acts that are expected to be associated with needs for coordination and consensus: agreement, disagreement, and process communication. Agreement is defined as approval or endorsement of another member's contribution. Disagreement is defined as disapproval or rejection of 170 SMALL GROUP RESEARCH / April 1999 another member's contribution. Process communication addresses how to go about accomplishing the task, as distinguished from content communication, which addresses substantive task issues. For example, in the intellective task in this study, an example of a process comment is, "How about if I work on number one while you work on number two," whereas an example of a content statement is, "I think the answer to number one is b."
In idea generation tasks, there should be few expressions of agreement and disagreement because the task does not require evaluation or consensus. In addition, because there is minimal interdependence among group members for this task, there should be little process communication.
These types of communication acts should occur more frequently in intellective tasks because consensus is required and because reaching consensus requires coordination among group members' actions. For example, agreement and disagreement will occur as members recognize that others' reasoning or answers are correct or incorrect and as the group chooses solutions. Complex problems also impose demands for planning (Hirokawa, 1990) . Consequently, one might expect groups to engage in process communication regarding division of labor or methods for solving the problem (e.g., "Let's make a chart.").
Reaching consensus in judgment tasks requires greater coordination among members. Whereas "truth-wins" (Laughlin & Ellis, 1986) or "truth-supported wins" ) models can predict group decisions in intellective tasks, reaching consensus in tasks without verifiable solutions imposes strong needs for evaluation, which is likely to generate considerable discussion and negotiation (Hirokawa, 1990) . Consequently, one would expect higher incidences of agreement and disagreement. Low levels of structure and high degrees of solution equivocality in judgment tasks (Hirokawa, 1990 ) are also likely to call for discussing procedures, or process communication.
These arguments suggest the following hypotheses:
Hypothesis 1: The amount of agreement in group discussions will increase as tasks require greater interdependence among members.
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Hypothesis 2: The amount of disagreement in group discussions will increase as tasks require greater interdependence among members. Hypothesis 3: The amount of process communication in group discussions will increase as tasks require greater interdependence among members.
COMMUNICATION MEDIA
As noted earlier, the task circumplex has been used extensively in research on computer-supported cooperative work. Typically, these studies compare the effects of using technologically mediated communication (e.g., computer conferencing, videoconferencing, or group decision support systems) with face-to-face interaction on group effectiveness. To a lesser extent, studies have examined the effect of communication medium on communication processes, such as the content of discussions and the distribution of participation across group members. Although previous research indicates that electronic and face-to-face groups differ in the amount and proportion of different categories of communication (see McLeod, 1992 , for a review), the extent to which media and task type have interactive effects on communication is not clear. For example, some researchers report a higher incidence of critical remarks in electronic versus face-to-face groups (e.g., Hiltz, Johnson, & Turoff, 1986) . Does this pattern of disagreement (and a corresponding lack of agreement) hold across tasks, or does it conform to the task requirements? Are electronic groups more or less likely to engage in process communication, regardless of task? The interaction of medium and task type is tested in this study in an exploratory manner.
Data for this study are based on Straus and McGrath (1994) . Straus and McGrath examined the main effect of communication medium and the interaction of communication medium and task type on group performance and satisfaction. Groups communicated either face-to-face or by computer conference. They worked on three tasks that reflect increasing requirements for member interdependence as prescribed by the vertical dimension of the circumplex: an idea generation task, an intellective task, and a judgment task. The validity of the vertical dimension of the circumplex is tested by analyzing the main effect of task type on group 172 SMALL GROUP RESEARCH / April 1999 processes, with the expectation that the amount of communication that reflects coordination and consensus building processes will correspond to the task's position on the axis (Hypotheses 1 to 3). Task type by medium interactions indicate how these aspects of group process function in the different communication media. However, main effects of communication media on group processes and the association of processes and outcomes are beyond the scope of the present paper and are reported elsewhere (Straus, 1997) .
The following section reviews the method used by Straus and McGrath (1994) . Readers may refer to the original study for a more detailed description of the method and procedure.
METHOD STUDY PARTICIPANTS
Study participants were 243 undergraduate students enrolled in introductory psychology courses at the University of Illinois at Urbana-Champaign. Students received credit toward a research participation requirement for taking part in the study.
EXPERIMENTAL DESIGN
The study used a 2 (communication mode) × 3 (task type) design. Three-person groups engaged in either computer-mediated (CM) or face-to-face (FTF) discussions. Groups performed each of three tasks selected to represent increasing levels of interdependence: an idea generation task, an intellective task, and a judgment task. Groups were composed of participants of the same gender; half of the groups were female and half were male. Effects for gender composition and task order were counterbalanced to control variance. Data from 6 CM groups and 3 FTF groups were omitted and replaced due to technical problems with computer and audio equipment, respectively, yielding a sample size of 216 participants or 36 groups in each media condition.
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Communication modes. The CM sessions were conducted in a laboratory consisting of 16 personal computers. Participants were seated so that two group members sat in adjoining carrels and the third sat in a carrel across from them with his or her back to the other two members. Eye contact was restricted by dividers between computers. Participants were told to refrain from talking to each other during the experiment.
The CM groups communicated via a synchronous computer conferencing system (University of Illinois, 1992) , in which users type and send messages to a "common message board" that appears on all three users' screens. Messages are identified by an alias (participant A, B, or C), although members knew who was assigned to each code. Transcripts of the groups'discussions were saved by the computer system.
In the FTF condition, group members were seated around a table in a private room. A card in front of each participant identified the member as participant A, B, or C. The FTF discussions were audiotaped and transcribed.
Tasks. Twelve minutes were allotted for each task session. In the idea generation task, groups were asked to generate ideas to improve the quality of the physical environment. Their goal was to produce as many ideas as possible and to generate ideas that would be feasible and have a large impact on the environment. In the intellective task, the goal was to determine the correct answers to four multiple-choice questions based on a complex logic problem of the sort typically found on college entrance exams (Bramson, Selub, & Solomon, 1987) . Groups were told that they must agree on the answers. In the judgment task, groups decided on disciplinary actions in a fictitious, controversial case in which a college basketball player bribed an instructor to change his grade on an exam, to maintain his eligibility on the team. The task was to agree on one choice from a list of alternatives for each of five issues having to do with the treatment of the athlete and the instructor. In addition, groups were told to satisfy conflicting interests of the faculty, college administration, and athletic department when making their decisions.
Procedure. Participants were assigned randomly to groups and to aliases and were introduced to their fellow group members. The experimenter explained the general purpose of the experiment and explained that groups in the study would participate in a $30 lottery for each task. Chances in the lottery were based on the quantity and quality of performance. Participants then signed consent forms. Participants in both media conditions were informed that the group discussions would be recorded. Groups in the CM condition were given a brief training session on the use of the computer conferencing system. Participants in FTF groups were asked to speak, in turn, so that their voices could be distinguished on the tape; they stated the same message that was typed by participants in the CM training session. After completing each task, participants individually filled out questionnaires. They received a written debriefing after the final task session.
DEPENDENT MEASURES
Group interaction was analyzed from transcripts of the group discussions. A modification of the "time-by-event-by-member pattern observation" (TEMPO) process coding system (Futoran, Kelly, & McGrath, 1989 ) was used to content analyze the group process. This system provides a set of hierarchically arranged categories that is applicable to a wide range of tasks. The categories differentiate among a number of aspects of the production (task) and nonproduction (social) functions of group communication. Taskrelevant comments are those that pertain to the content of the task or to the process of getting the task done. Nontask or social comments reflect a number of expressive issues in the group, including task digressions, personal (self-disclosure) and interpersonal comments, reactions to the experiment, and digressions about other topics. The size of each act was measured by the number of words per coded unit. Instances of agreement and disagreement were coded as frequencies (i.e., occurrence or nonoccurrence).
Communication was analyzed from the transcripts of group discussions. For analysis of the FTF interactions, coders analyzed the transcripts while listening to the corresponding audiotapes. Each Straus / TESTING A TYPOLOGY OF TASKS 175 remark was coded into one of the TEMPO categories and the number of words per unit was counted. The remark then was evaluated to determine if it reflected agreement or disagreement. For example, the remark "Let's make a chart." in the intellective task would be coded as a process act, consisting of four words. The response "Great idea!" would be coded as a supportive comment (one of the nonproduction categories), consisting of two words and as one occurrence of agreement.
Three raters went through extensive training using TEMPO. Interrater agreement (Cohen, 1960 ) among rater-pairs was calculated at the level of the specific categories and at the more general level of TEMPO (i.e., production and nonproduction categories). Approximately 10% of the transcripts were coded by all three raters. Of this sample, agreement rates were calculated for all of the coded acts on the computer transcripts and a sample of acts from the FTF transcripts. (Due to the large number of acts in FTF discussions-approximately 400 acts per group-a stratified random sample of 20 acts from the beginning, middle, and end of each of the three task sessions, totaling 180 acts per transcript, was used to assess interrater agreement.)
After the training period, Kappa ranged from .78 to .89 among rater-pairs. Each rater then coded approximately one half of the transcripts. Kappa was checked again and ranged from .79 to .83. According to Landis and Koch (1977) , values of Kappa that exceed .8 indicate "almost perfect" interrater agreement (p. 165). These values of Kappa reflect reliability for the specific versus general categories of TEMPO, which is a more conservative measure. Assignments of transcripts to raters were made so that raters coded transcripts that were distributed equally across conditions.
RESULTS
Hypotheses were tested using 2 (medium) × 3 (task type) repeated measures, multivariate analysis of variance (MANOVA). All data were analyzed at the group level. Medium was betweensubjects and task type was the within-subjects, or repeated mea-176 SMALL GROUP RESEARCH / April 1999 sures, effect. Effects for gender composition and order were included in the analyses as control variables, but they were not of theoretical interest and are not addressed further. In addition, significant main effects or interactions of these variables occurred infrequently.
Not surprisingly, there were enormous differences in the frequencies of communication between CM and FTF groups in all categories, because it takes longer to type than it does to speak. This result has been demonstrated repeatedly in studies comparing CM and FTF groups (e.g., Hiltz et al., 1986; Kiesler, Zubrow, Moses, & Geller, 1985; McGuire, Kiesler, & Siegel, 1987; Siegel, Dubrovsky, Kiesler, & McGuire, 1986; Weisband, 1992) . In addition, the distributions of error terms for the communication frequencies were not distributed normally, probably due, in large part, to these media differences. As a result, a square root transformation was used to help stabilize the variances (Neter, Wasserman, & Kutner, 1985) . Raw and transformed variables are included in the descriptive statistics reported in Table 1 .
Comparisons between task types were conducted using paired t tests between adjacent tasks in the circumplex, that is, idea generation versus intellective tasks and intellective versus judgment tasks (see Table 2 ). The error rate of alpha = .05 was controlled for each family of paired comparisons with a Bonferroni correction. In cases of significant Medium × Task Type interactions, these comparisons were conducted separately for CM and FTF groups. Comparisons within medium condition were based on raw data, as it was not necessary to transform the data for these analyses Analysis of agreement rates show a main effect of task type, F(2, 47) = 16.88, p < .001, and a significant interaction of communication medium and task type, F(2, 47) = 7.68, p < .01. In CM groups, differences in the amount of agreement between each task-pair were significant and results were in the predicted direction; that is, there was more agreement in the intellective task than in the idea generation task, and there was more agreement in the judgment task than in the intellective task. In FTF groups, there was more agreement in the judgment task than in the intellective task, but differences in the amount of agreement between the idea generation task and the intellective task were not significant. In fact, the direction of the difference between the idea generation and intellective tasks was opposite to predictions. This prompted a comparison of the amount of agreement between the judgment and idea generation tasks, which also was not significant, t(35) = 1.05. In summary, the amount of agreement increased with task interdependence in CM groups, as predicted by Hypothesis 1, but was more constant across tasks in FTF groups.
There also was a main effect of task type on the frequency of disagreement, F(2, 47) = 63.14, p < .001, as predicted by Hypothesis 2. The interaction of communication medium and task type on the frequency of disagreement was significant, F(2, 47) = 5.4, p < .01. The patterns of means correspond generally to the task requirements in both CM and FTF groups, with increasing rates of disagreement for tasks that pose greater demands for member interdependence. In CM groups, there were higher rates of disagreement for the intellective task than the idea generation task and for the judgment task than for the intellective task. In FTF groups, there was more 178 SMALL GROUP RESEARCH / April 1999 NOTE: CM = Computer-mediated; FTF = Face-to-face. disagreement in the intellective task than the idea generation task, but the difference between the intellective and judgment tasks was not significant. Patterns of process communication support Hypothesis 3. The main effect of task type was significant, F(2, 47) = 37.92, p < .001. The interaction of communication medium and task type was not significant, F(2, 47) = 1.5. Paired comparisons across media show that the difference in the amount of process communication between each adjacent pair of tasks was significant and in the predicted direction.
It is important to note that the amount of discussion did not increase with task interdependence for all types of communication. For example, in CM groups, content (versus process) task communication was highest in idea generation tasks and lowest in intellective tasks. In FTF groups, the amount of content communication was constant across all three tasks. Thus, results for agreement, disagreement, and process categories should not be interpreted to mean that each task required more communication of all types. 
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DISCUSSION
Analysis of the group process data generally provide support for the hypotheses that patterns of agreement, disagreement, and process communication correspond to the needs for member interdependence in group tasks. One exception to this pattern occurred for disagreement in FTF groups, such that there was no difference in the amount of disagreement between the intellective and judgment tasks. However, given that both the intellective and judgment tasks fall into the "choose" quadrant of the circumplex, this result does not pose serious issues for the validity of the circumplex. In general, the results show support for the vertical axis of McGrath's (1984) task circumplex.
A greater deviation from the predicted pattern occurred for the frequency of agreement in FTF groups. In CM groups, the rates of agreement corresponded to the coordination requirements of the task, but in FTF groups the rates of agreement were relatively constant across tasks. This result probably indicates more about the functions of agreement in CM and FTF communication than about characteristics of tasks. Although the requirements for member interdependence depend on the task in question, participants in FTF discussions need to share the floor regardless of task type. Indeed, Stephan and Mishler (1952) state that the allocation of speaking time poses coordination problems for groups. Furthermore, prior research has demonstrated that such utterances as "hmm-hmm" and "uh-huh," in addition to such nonverbal cues as head nods and eye contact, serve a regulatory function (Duncan, 1974; Mehrabian, 1968; Rutter, 1980) . These signals help coordinate conversations and facilitate listener understanding (Krauss & Weinheimer, 1966; Kraut, Lewis, & Swezey, 1982) . For example, such cues as head nods or verbal utterances convey that one is listening to the speaker or can be used to encourage the speaker to continue expressing his or her thoughts. Taken together, the results suggest that in FTF groups, such expressions as "yes" and "uh-huh" were used to state agreement as well as to regulate discussions. In fact, when coding FTF discussions, it frequently was not possible to distinguish reliably between instances of substantive agreement 180 SMALL GROUP RESEARCH / April 1999 and agreement that served a regulatory purpose. However, in CM communication, where these cues are absent (and the flow of discussions can be quite erratic), expressions of agreement appear to pertain exclusively to evaluation and consensus processes. This conclusion is consistent with findings that CM groups report more difficulty following and understanding discussions than do FTF groups (Straus & McGrath, 1994) . Thus, it appears that agreement serves a regulatory function and an evaluative function in FTF groups but that the regulatory function is absent in CM discussions.
The dual role of agreements could be explored in future research. For example, by training confederates to use agreements only for substantive purposes and avoid verbal utterances (e.g., "hmm-hmm") in face-to-face discussions, one could examine the flow of the conversation and the impact on a naïve subject. For example, are there longer latencies in turn taking or more interruptions? Does the subject feel that the other group members are less attentive to his or her comments? Another strategy would be to infer the purposes of agreements by content analyzing sequences of behavior in natural group discussions. For instance, if a group member says "hmm-hmm" during another member's speaking turn but responds with a contradictory point, one can infer that the utterance was not an indication of substantive agreement. Weingart (1997) emphasizes the importance of studying dynamic interaction processes and describes several techniques for sequential data analysis. A third strategy would be to have group members content analyze their own discussions, in a form of retrospective protocol analysis. That is, one might ask group members to watch a videotape of their discussion and report what they were thinking while engaged in various behaviors. For instance, while murmuring "uhhuh," was the group member agreeing with her coworker, encouraging him to elaborate his thoughts, or trying to hurry him along so that she could have a turn to speak?
It is important to recognize that in FTF groups, frequencies of agreement and disagreement may have been higher than reported here because participants could convey this information using nonverbal cues (e.g., head nods and shakes, facial expressions) that were not captured in audio recordings. Content analysis of Straus / TESTING A TYPOLOGY OF TASKS 181 videotaped interactions of FTF groups could be used to explore this idea in future research. On the other hand, there is no compelling reason to expect that the pattern of nonverbal occurrences of agreement and disagreement will differ from the pattern of verbal agreement and disagreement; one would expect only higher mean levels when accounting for nonverbal cues.
Although the pattern of content communication did not increase or decrease systematically with task consensus and coordination requirements, the amount of content communication may, in fact, reflect some aspects of member interdependence. That is, in CM groups the amount of content communication was substantially higher in the idea generation task than in the other two tasks, whereas in FTF groups the amount of content communication did not vary as a function of task. This pattern may reflect the phenomenon that participants in CM discussions can participate simultaneously and, furthermore, that simultaneous participation is not disruptive for generating ideas in this medium because task coordination requirements are minimal. Although it generally takes individuals longer to type than speak, studies of idea generation have found that when group size is large, electronic groups produce more ideas than FTF groups (Dennis & Valacich, 1993; Gallupe, Bastianutti, & Cooper, 1991; Gallupe et al., 1992) . In contrast, members of FTF groups must share the floor; group members seldom speak at the same time for long intervals, because simultaneous participation prevents contributions from being heard. In essence, electronic communication participation time for each member in idea generation tasks but not in tasks that require consensus. Whereas in FTF discussions, each member is allotted 1/n of the speaking time, on the average, regardless of task type (where n = the number of group members). This conclusion suggests that communication technology moderates the effect of task type on member interdependence.
One potential limitation of this study is that the tasks were not scaled or standardized. Therefore, groups may have had, for example, more disagreement in the judgment versus intellective tasks because the judgment task involved more issues. Likewise, groups may have had more content communication in one task versus another because the topics were more or less engaging or complex. However, all groups were subject to the same time limit, and groups typically used all of the time allotted. Nevertheless, future research might use more than one task from each category in the circumplex. In addition, there may be other types of communication acts that can be used to test the underlying task attributes, such as the expression of facts (intellective tasks), opinions and values (judgment tasks), offers (negotiation tasks), and so forth.
Ultimately, an important reason for identifying the underlying characteristics of tasks is to understand and predict group effectiveness. How does McGrath's (1984) theory inform this research and vice versa? The interdependence dimension of the circumplex implicitly gives some guidance about the types of structures and coordination mechanisms needed for various group tasks. For example, such structures as nominal groups or pooled interdependence (Thompson, 1967) are appropriate for idea generation, whereas structures with higher needs for coordination, such as reciprocal interdependence (Thompson, 1967) , are more appropriate for problem solving or decision making. Nevertheless, it is important to recognize that there is a myriad of factors that affect groups in organizations, and member interdependence is only one component of group effectiveness. For example, Saavedra, Earley, and Van Dyne (1993) showed that congruence among member interdependence, goal setting (group or individually based) and feedback (group or individual level) influenced group performance. Shea and Guzzo (1987) assert that member interdependence, outcome interdependence, and potency (which is similar to collective efficacy) interact to determine group effectiveness. Given the importance of member interdependence in research on groups, McGrath's circumplex can help researchers predict the interaction of task types and other forms of interdependence or other input factors (e.g., technology, member heterogeneity, rewards, etc.) on group processes and outcomes.
The topic of task type has been central to small group research for the past three decades and has been a key focus of recent theory and research concerning electronic and face-to-face groups. McGrath's (1984) circumplex presents a comprehensive and useful Straus / TESTING A TYPOLOGY OF TASKS 183 
